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First the Basic Scenario for year 1997 is used. The EMEP emission inventories are applied and the meteorological data are also provided by EMEP (see [23, 24] ). Then four additional runs, in which the meteorological data are kept the same, but the human-made emissions being successively reduced by 20%, 40%, 60% and 80% respectively, are performed. It is clear that all changes of the pollution levels are entirely caused by the variations of the emissions (the only parameters, which are not the same in the different runs). This fact allows us to draw several useful conclusions.
Minimal and maximal reductions of the concentrations of ten selected chemical species are given in Table 1 for the cases where the human-made (anthropogenic) emissions are decreased by 20%, 40%, 60% and 80% (i.e. when the actual emissions used in the corresponding runs are respectively 80%, 60%, 40% and 20% of the real emissions).
Comparing the minimal and maximal values of the concentrations, which are given in Table 1 , it is clearly seen that the sensitivity of the different chemical species to variations of the human-made emissions is quite different. While the changes of the sulphur di-oxide concentrations (and to a certain degree also the TOTSO 4 concentrations) are changed nearly by the same factor as that used to change the emissions, bigger or smaller deviation from this factor can clearly be detected in the behaviour of the remaining species.
Often the interval formed by the minimal and the maximal values in Table 1 is rather big. This indicates that for the most of the chemical species the sensitivity effect is different in the different parts of the studied domain and, therefore, visualization of the distribution of the changes in Europe is absolutely necessary.
The linear effect for the sulphur di-oxide concentration changes is illustrated in Figs. 1 and 2 (note the intervals in which the sulphur di-oxide concentrations vary in the four plots given Fig. 2) . The results for all other chemical species that are mentioned in Table 1 have also been obtained and included in an extended version, which can be sent to interested readers if requested. 
STUDYING SENSITIVITY AT SELECTED SITES
The sensitivity of the concentration levels to variations of the human-made (anthropogenic) emissions at selected sites was also studied. Eight European cities (London, Madrid, Paris, Berlin, Moscow, Milan, Sofia and Copenhagen) were chosen so that as many as possible parts of the continent are represented in these experiments. The results obtained at these cities are shown in Table 2a -2j. Plots, which are corresponding to the numbers presented in Table 2a -2j, are given in Fig. 3a -3j .
Several conclusions can be drawn from the results which are presented in Table  2a -2j:
 It would be very easy for the policy-makers to control the pollution levels if a reduction of the human-made (anthropogenic) emissions with % p results in a reduction of the corresponding concentration levels with % p too. If this was true, then it will be very straightforward to prescribe a relevant reduction of the human-made emissions in the efforts to keep the pollution levels under some prescribed in advance critical limits. The results presented in Table 2a -2j and in Fig. 3a -3j indicate that this convenient dependence of the sensitivity of the pollution levels on the variation of the human-made emissions holds perfectly only for the sulphur pollutants (which is clearly seen from the plots shown in Fig. 2) . It should be mentioned here that this relationship holds to a certain degree also for NH 3  The results are rather irregular for NO. This means that a reduction of the human-made (anthropogenic) emissions with % p results in a reduction of the corresponding concentration levels which can be either greater than % p or less than % p .
The above conclusions are confirmed in the plots shown in Fig. 3a -3j. Remark: The particular choice of the eight sites, which was made in this study, is probably not optimal. The problem is that all eight sites are big European cities.
This fact implies that they are located in highly polluted areas of the continent and, thus, the sensitivity of the concentrations to human-made (anthropogenic) emission changes was studied only in highly polluted areas in this chapter. We are nevertheless convinced that this is a good choice, because precisely the high pollution levels might cause different damages and a lot of people in the selected eight sites are exposed to potential damaging effects caused by highly polluted air. 
SENSITIVITY EFFECTS RELATED TO QUANTITIES WHICH MAY HAVE DAMAGING EFFECTS
It is even more important to investigate the sensitivity to emission changes of some quantities that may have damaging effects on plant, animal and human beings when certain critical levels are exceeded. Three such quantities, AOT40 for crops, AOT40 for forest trees and bad days, will be used here. All these three quantities are related to the ozone concentrations. The relationship is explained in the following three sub-sections.
Definition of AOT40 For Crops
The AOT40 values for crops, which will be shortened as AOT40C in this section, are related to ozone concentrations in the following way (more details can be found, for example, in [5, 10, 18] If AOT40C exceeds 3000 ppb.hours, then this fact may lead to losses from crops for the area where this critical level is exceeded. This is why it is desirable to prevent the situations where the AOT40C values exceed 3000 ppb.hours. This is emphasized in several official documents of the European Union (EU); see, for example, [25] .
Definition of AOT40 For Forest Trees
The AOT40 values for forest trees, which will be shortened as AOT40F in this section, are related to ozone concentrations in a very similar way as the AOT40C values (see also [5, 13, 25] If AOT40F exceeds 10000 ppb.hours, then this fact may lead to damages of forest trees and, therefore, such situations should be avoided. This critical level is imposed in [25] .
Definition of Bad Days
Assume that max c is the maximum of the eight-hour averages of the calculated by some model or measured at some station ozone concentrations in a given day at some site A . If the condition 60 c max  ppb is satisfied at least once during the day under consideration, then the expression a bad day will be used for such a day at site A .
Bad days can have damaging effects on some groups of human beings (people who suffer from asthmatic diseases). Therefore, the number of such days should be reduced as much as possible. Two important aims are stated in the Ozone Directive issued by the EU Parliament in year 2002 [25] :  Long-term Aim: No "bad day" should occur in the European Union (the year after which the long-term aim has to be satisfied is not specified in the EU Ozone Directive).
Presentation of the Results
The distribution of the AOT40C levels, the AOT40F levels and the bad days in Europe is shown in Fig. 4a -4c . The reductions obtained by the four scenarios are presented in Fig. 5a -5c . It is seen that the most polluted areas are in Central Europe, Nothern Italy and England and, thus, reductions are mostly needed there. The ratios
A is the quantity calculated by reduced emissions and B is the corresponding quantity obtained by the Basic Scenario for year 1997, are given in Fig. 5a -5c . A careful study of the plots in Fig. 5a -5c indicates that the reductions in the most polluted areas are in fact smallest.
SOME CONCLUDING REMARKS
Results from a comprehensive study related to the sensitivity of pollution levels are presented in this chapter. It is worthwhile to continue this study in several directions:
It will be useful to investigate the sensitivity of the pollution levels to changes of the human-made emissions only in some parts of Europe (say, only in the most polluted areas). In this way some information of the sensitivity of the pollution levels on the combined effect of reductions of human-made emissions in highly polluted areas and long-range transport of pollutants to neighbouring areas will be obtained.
All human-made (anthropogenic) emissions were simultaneously varied. It would be appropriate to examine the effect of varying only one or two of these emissions. In this way, it would be possible to understand which species are not sensitive to the variation of the chosen emissions and which of the other species are most sensitive.
Only human-made emissions are varied in the scenarios that are used in this chapter. It will also be interesting to study the sensitivity of the pollution levels on natural (biogenic) emissions. This seems to be relevant in connection with the climate changes. The biogenic emissions depend on the temperature. Therefore, the future increase of the temperature will probably lead to some changes of the natural emissions.
The effect of the variations of human-made emissions on the pollution levels is studied in this chapter by using emission scenarios. Some other approaches, as for example those used in [26, 27] , can also be applied. It would be applied. It would
